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On page14,thediscussionis considerablyconfusedbecauseof the
use in a numberofthe~omect ~ti=e ~lacesof thephrase“Z-stiffenedpanel”insteadof

Z-sectionstiffener.” Thisphraseshouldbe corrected
in thefolJowinglines,allon page14,so thattheyreadas follows:

Line5: “twisting
seriousas the”

Line7: “Although
occurs,even”

of theZ-sectionstiffenerdid

theZ-sectionstiffeneralways

not seemto be as

doestwistas failure

Line13: “oftheZ-sectionstiffener
mum loadhas”

Line24: “readilybe explained,even
stiffeneris”

reallyoccursonlyafterthemaxi-

if twistingof theZ-section

Lines26-27: “canbe madefromZ-stiffenedpanelsby turningevery
otherZ-sectionstiffeneraroundand joinhg theoutstandingflsmges
togetherso thatthe”
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suMMARY

Direct-readingdesignchartsarepresentedfor24S-T3aluminm-
alloyflatcompressionpaneM havinglongitudinalformedhat-section
stiffeners.Thesechartsmakepossiblethedirectdeterminationof
thestressandallpanelproportionsrequiredto carrya givenintensity
of loadingwitha givenskinthicknessand effectivelengthof panel.
A comparisonismadeof therelativemeritsof hat-andZ-stiffened
panelswhenusedforcarryingsimplecompressionandwhenusedas the
coversof box beamswhichare subjectedto compressionplusbending
andto compressionplusbendingplusverticalshear.

INTRODUCTION

Designchartsforwingcompressionpanelshavebeenpresentedin
severaldifferentforms. (Seerefs.1 and 2.) In reference3, a form
waspresentedwhichpermittedthe directselectionof thevariouspanel
proportionsforgivenvaluesof theprincipaldesignconditions-
intensityof loading,skinthickness,and effectivelengthof panel.
Thisformalsomadepossiblethe readydeterminationof theproportions
havingminimumweightto meettheseconditions.

In thepresentpaper,similardirect-readingdesignchartsare
presentedfor24S-T3aluminum-alloyflatcompressionpanelshaving
longitudinalformedhat-sectionstiffeners.Thesechartsarebased
on theextensivetestdataof references4 to 6. The structuraleffi-
ciencyof thehat-stiffenedpanelas evidencedby the chartsis then
discussedrelativeto the efficienciespreviouslyfoundforZ-stiffened
panelsbothwhenusedforcarryingsimplecompressionandwhenusedas
thecoversof boxbeamswhichare subjectedto compressionplusbending
andto compressionplusbendingplusverticalshear.

.-
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The symbolsusedforthepaneldimensionsaregivenin figure1.
In addition,the followingsymbolsareused:

c coefficien-lrofend fixity as usedinEulercolumnformula

d rivetdiameter,in.

L lengthof pane1, in.

P rivetpitch,in.

Pi compressiveloadper

r allbendradii,in.

T cross-sectionalarea

inchof panelwidth,kips/in.

per inchof-panelwidth,expressedas
an equivalent’-oraveragethickness,in. -

P radiusof gyration,in.

Tf averagestressat failing

acr stressforlocalbuckling

acy compressiveyieldstress,

DIRECT-READING

load,ksi

of sheet,ksi

hi

DESIGNCHARIS

Direct-readingdesignchartsarepresentedin two formsin fig-
ures2 to 13for2@-T3 almninum-alloyflatcompressionpanelswith
longitudinalformedhat--sectionstiffenershavingthepropertiesand
proportionsgivenin tables.1 tu-7. Valuesof theratiosof stiffener
thiclmessto skinthicknesstw/tS,averagespacingof rivetlinesto
skinthicknessS/~ (becausetherearetworivetlinesassociated
witheachhat section,thestiffenerspacingbs plusthedistance
betweenrivetlines ~ equals 2S),andheightof stiffenerto
stiffenerthicknessH/tW,whichwillsatisfya givenSetof design
conditions,may be founddirectlyfromthesecharts,andthe corre-
spondingdimensionsand sectionpropertiesbR/tW, ~/tS, ~/tS,and
P/tS may be foundfromtables2 to 7.

A

.
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The dataon whichthe designchartsarebasedcoveredfourvalues
of theratioof stiffenerwidthto stiffenerheight ~/bW, namely0.6,
0.8,1.0,and 1.2. Analysisof the resultsindicatedthatvariations
in bH/bw wereof littlesi~ificanceJJ~t as itwas fo~d ~ refer-
ence2 thatvariationsin the flangewidthsof Z-sectionsare of little

bH
significance;accordingly,— = 0.8 was selectedas a representative

bw

valueandthe chartswerepreparedforthisvalueonly. Curveswhich
showhow a variationin bH/bw affectsthe sectionpropertiesare
givenin figure14.

Firstformof designchart.- In the firstformof desiguchart
(figs.2 to 7),the designconditionsof intensityofloading,skin
thickness,andeffectivelengthOf panelare incorporatedin the

ordinatePi/tS andthe abscissaL. This form,havingthe design
L/fi

conditionsincorporatedin the ordinateand abscissayismoreuseful
thanthealternateformformostdesignpurposesbecausethe curvesare

. morewidelyspacedand interpolationismorestraightforward.

Second(alternate)formof designchart.-In thesecond(alternate). form(figs.8 to 13),theaveragestressat failure=f is plotted
against Pf/ts as was donein thesummaryplotsof reference7. This
alternateform,havingthestress(aninversemeasureof weightfora
givenload)as ordinate,ismoreusefulformakinggeneralizationsad
comparsionsof structuralefficiencythanthefirstformbecawe it
indicateshow nearlythe stressactuallycarriedapproachesthe upper
limitcorrespondingto the stressthatwouldbe achievedby a pureshell
construction,if a pureshellcouldcarrythe loadwithoutfailure.

Pi
Thisupperlimitof stressis representedby the linesfor Ef=G

(infinitestiffenerspacing)in figures8 to 13.

Colorand lineconventionsusedon charts.-Hecausethereare
severaldifferentquantitiespresentedsimultaneouslyon the design
charts,severallineand colorconventionshavebeenusedto distingufih
amongthem. For example,in the firstformof designchart(figs.2
to 7) dashedlinesare usedto indicatevaluesof averagestressat
failureGf;whereas,on thealternateformof designchart(figs.8

Pi
to 13) dashedlinesare usedto indicatevaluesof —. In bothforms

. L/~
..

thevalueof Tf correspondingto thepointat whicheachcurveis cut
by a shortheavylineis thevalueof the stressfor localbuckling ucr
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fortheproportionsrepresentedby the curve. For example,thevalue

of acr for ~ . 20 and

(

tjj
29 ksi. Onlya veryshort-

beforefailure- onehaving

of ‘cr is so lowthatthe

s— = 19.9 in figure2 “isapproxhatelyts
panelof theseproporttinswouldbuckle

‘i > 0.47.) If thevaluea valueof’—
L/~ =

shortheavylinewouldfalloutsidethe

.!

boundariesof the chart,a numericalvalueof crcris givenand is
associatedwiththeproperproportionsby a leaderto the curve. The
panelproportionswhichhaveminimumweightare indicatedon bothforms
of thesechartsby theuseof colorsas follows:

(1)If thepropqtionscorrespondto a bluelineor region,they
aretheproportionswhichgivethe lightestpossible2@-T3 hat-
stiffenedpanelwhichwillmeetthedesignconditions

(2)If theproportionscorrespondto a red lineor region,they
aretheproportionswhichgivethe light-tpossible2&-T3 hat-
stiffenedpanelat theratioof-stiffenerthicknessto skinthickness
givenby thatparticularchart,but someotherthicknessratiowould
givea lighterdesign ●

(3)If theProportionscorrespondto a whiteregion,the2W-T3 panel .
willmeetthedesignconditionsbut-willnotbe the lightestpanel
whichwillmeetthe conditions

Becauseinmanycasestheproportionsmaybe variedsomewhatfrom
thoseindicatedby theredandbluecolorswithlittlechangein the
valueof thestressthatcanbe carried,toomuchimportanceshouldnot
be attachedto theexactproportionsindicatedby thecolorsto have
minimumweight. In anyparticularcaseforwhicha deviationfromthe
minimum-weightproportionsismade,however,cautiondictatesthatthe
weightpenaltyassociatedwiththisdeviationbe determined.

Minimum-weightdesigns.-As an adjunctitcrthedesignchartsthem-
selves,thestressesachievedby thepanelshavingtheproportions
indicatedin thedesignchartsto haveminimumweightaresummarized
in figures15 and 16foruse inweightor efficiencystudies.Figure15
coversthemostgeneralcase”,inwhichno minimtiskinthicknessis
required.In thiscasecurvesof ~f.-plotted”againstthestructural

index ~ measurethepanelstructuralefficiency.Thisfigurealso
L/E

demonstratesthestatedinsignificanceofa variationin ~/~.

Sincetheskinthicknessof wingcompressionpanelsis oftenfixed
by therequirementsof adequatetorsionalstiffnessof thewing,curves

.

.
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~
whichshowtheeffectof a variationin sheetthicknessalsoprovidea
usefulevaluationof the relativestructuralefficienciesof stiffened
panels;accordingly,figure16was prepared.In thisfigure,the aver-
agestresscorrespondingto thatforminimumweight(asdeterminedby
theproceduregivenin ref.7, appendixA) isplottedagainstthe

PJts Pi
parsmeter fora seriesof valuesof — for h—= 0.8.

L/E bw

USE OF TEE DIRECT-READINGDESIGNCHARTS

Themannerof usingthe direct-readingdesignchartsdependsin
somemeasureon the desireddegreeof precisionof interpolationamong
thecurves.Formanypurposes,interpolationby inspectionis of ade-
quateaccuracy,and theuseof thechartsrequiresonlythe calculation

Pi
of thevaluesof the designparametersPi/tS and — to permitthe

L/G
desiredproportionsto be readdirectlyfromthe curves.The propor-

. tionsformintiumweight,moreover,may be founddirectlyas those
correspondingto theblueregionof”thecurves.

. If moreaccurateinterpolationis desired,a plotcanreadilybe
madeof H/tw, Gf, and cscragainst S/tS at the givenvaluesof

Pi/tS and
Pi -
— and theproportionscanbe.pickedfromit. (This
L/E

plotis stiilarto thatwhichresultsfromtheuseof themintiwn-
weightdesignprocedurewiththepreviouslyavailabledesigncharts,
refs.2 and7.) Ona plotof thistype,theproportionsforminimum
weightcorrespondto thoseassociatedwiththehighestvalueof Gf.

As a checkon the accuracyof interpolation,the cross-sectional
areaper inchof widthof thedesignmay be determinedfromthe values
of ~/tS givenin tables2 to ‘7, and thevalueof the intensityof
loadingPi thatcanbe carriedon thiscross-sectionalareaper inch
at thevalue zf givenby the chartsmay thenbe compqredwiththe
designvalueof Pi.

The valueof ~f obtainedfromthedesignchartscanbe achieved
onlyif thepanelsare rivetedwithlarge-diametercloselyspacedrivets
thathaveessentiallythessmestrengthcharacteristicsas theA17S-T4

● aluminum-alloyrivetsusedforthe testspecimensof references5 andb 6. Reference8, whichpresentscurvesfordeterminingtherivetdiame-
terandpitchrequiredto insurethe developmentof a givenaverage
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●

stressforlocalinstability,may be usedas,a guidefordetermining
theeffectof variationsin riveting.Whereasthe”dataof reference8
are forA17S-T4flat-headrivets(AN442AD)~references9 and 10 show ?“
thattheNACAflushrivet,whichwas usedforthehat-stiffenedpanels,
comparesveryfavorablyin strengthwitha flat-or round-headrivet.

>>

ILLUSTRATIVEEXAMPLES

In orderto illustratetheuseof thedirect-readingdesignchats
andthesimplicityof the computationsassociatedwiththem,twopanels
are designedfromthem. The firstpaneldesignillustratesthesimple
caseforwhichinterpolationis nota problem.The seconddesign
illustratespossibledifficultiesin interpolationwhichmaybe
encountered.

Firstexample(interpolationstraightforward).-For the first
examplea panelis designedforminimm weightto-meetthe following
principaldesignconditions,namely:

(1)Intensityof loadingPi = 4.0kipsper inch
.

(2)Skinthicknessts = 0.064inch

(3)Effectivelength -& .20 inches

Pi
Firstthevaluesof P1/~ and — are calculatedas follows:

L/fi

~ 4.0
ts =—= 62.5ksi

0.064

pi 4.0—=-= o.2Clksi
L/fi 20

Thena trialvalueof stiffenerthicknessto skinthicknesstw/ts is
assumed.If desired,figuxe-16maybe usedto aid in theselectionof’
a suitableratioof stiffenerthiclmessto skinthickness.For the
example,however,in orderto illustratetheuseof thechartswhen

~.125 is useda nonoptimumthicknessratio.ischosen,
ts “ . In the

0
., .

4

.
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~
chartforthisvalueof tW/tS (fig.7),

.

Pi
to the designvaluesof Pi/tS and —

(

L/~
or bv

)%=20 G= 19” ‘ccOrdingly’‘he
tw
— = 1.25 is 20,andbecauseweightfor tS

7

thepointscorresponding

liein the redregionat

valueof H/tW forminimum

thevalueis establishedby

a redregion,nota blueone,somevalueof tW/tS otherthan1.25
willgivelessweight.

Inspectionof the chartsforothervaluesof tw/ts revealsthat

thepointsforthe givendesignvaluesof
Pi

pi/ts and ~~ fallOn

H tw
—= 30 on the chartfora bluelineat tw —= 0.79 (fig.5). The

ts /
panelproportionscorrespondingto thisbluelineare ~ = 30 (or
bv

) (
bs

)
~N32.5 or —%34, and

— = 29 and tstw ts—
~f =30.5 ksi and

. weight. The actual
proportionsas

Ucr%26ksi,whichare
paneltiensionscanbe

tw \
fortheseproportions

thevaluesforminimum
calculatedfromthese

tw ts
tw==

= 0.79x 0.064= 0.051in.

H=~tw
tw

= 30x 0.051= 1.53in.

S=3+
ts

. = 32.5x 0.064= 2.08in.

.
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andthesectionpropertiescanbe determinedfromtable5 as

Ii ii=—ts
ts

= 6.21x 0.064= 0.397in.

P p ts=—
ts

= 8.58x0.06L= 0.549in.

As a checkon theaccuracyof interpolation,themagnitudeof T/ts
fortheseproportionscanbe determinedfromtable5 andmultipliedby
thevaluesof ts and zf forthedesign.Thisproductshouldbe
equalto the designvalueof Pi. For theexsmple

Ef = 30.5ksi

therefore

;—= 2.05
ts

= 30.5x 2.05x 0.064= 4.0kips/in.

whichagreeswiththedesignvalueof Pi originallyassumed.

Secondexample(interpretationof interpolationdifficult).-Because
of thewiderangeof proport-ionscoveredin thispanelprogram,each
figurein the designchartsmustalsocovera widerangeo.fproportions.

s
.-.-

Becausean increasein thesizeof thechartsoverthatpreviouslyused
.
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5 didnotseemdesirable,the changein proportionsfromplotto plot
withinthe chartswas increased;consequently,interpolationhas to be
madewithinwidergapsandhenceis lessstraightforward.Moreover,=
thepositionof theblueandredregionsshiftsconsiderablyfromplot
to plotto correspondto the substantialchangein proportions,and,
therefore,interpolationto determinetheregioninwhichtheminhnmn-
weightdesignliesalsomay be difficultin somecases.

Possibledifficultiesof interpolationanda typicalsolutionme
demonstratedby the followingexsmple.Assumethata paneldesignfor
minimwnweightis requiredto meetthesedesignconditions,nsmely:

(1)Pi = 3.0kipsper inch

(2)tS = 0.051inch

(3) -&= 18inches

. Fromthesedesign

latedas follows:

Pi
conditions,valuesof Pi/tS and — maybe calcu-

L/fi

Pi 3.0-—=58.8ksi~-
0.051

‘i 3.0—. —=o.167ksi
L/fi 18

The pointon the summaryplot (fig.16)corresponding
Pi

of Pi/tS and — appearsby visualinterpolation
L/fi

to thesevalues

to fallon the

boundarybetweentheregionsforwhichvaluesof tw/ts of 0.79and
1.00aremostefficient.Accordingly,bothfigures5 and 6 forvalues
of tw/ts of 0.79and 1.00,respectively,
findwhichoneyields

In figure5,
. Pi

Pi/tS and —
L/~

.

the

lie

the lighterdesign.

pointscorresponding

abovea bluelineat

willbe usedin orderto

to the designvaluesof
H—= 30 andbelowa redtw
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lineat ~ = 40.tw In figure6, thecorrespondingpointsareabovea

red lineat H— = 25 andbelowa bluelineat ~ =tw tw
tw

latedvaluefor — = 0.79 mighthavethefollowing
ts

H—=32~w

bs—.36ts

and developa stress 7f s 29 ksi. Corresponding

mightbe

H—=26
tw

—

30. Aninterpo-

proportions

tw
valuesfor —= 1.00

ts

;

bs
—=54
ts

and

As mightbe deducedfrtithe factthatthechartsdo not-indicate
an advantageforeithera thiclmessratioof-O.79or 1.00,thereis

tw
littledifferencein thestressthatcanbe carriedfor — . 0.79ts

or 1.00. In fact,thedifferenceis smallerthancanbe detected
accuratelyby visualinterpolation.The accuracyGr interpolation
canbe improvedby makinga plotof H/t-wand tif-against S/tS
as hasbeendoneforthisexamplein figure17. Fromthisplot,the
minimmn-weightdesignconditionscorrespondingto themaximumsof the

tw
curves of Gf plottedagainstS/tS for — = 0.79 are foundto be

ts
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i

H
( )

—=3o.8 or b~. 29.8t~ h

s ( bs

)
—. 33.6 or —.36ts ts

Tf = 29.2kei

and

‘cr= 24.8hi

The paneldtiensionscanbe calculatedfromtheseproportionsas

= 0.79x

H= = -tWtw

= 30.8x

s .E-t~
ts

= 33.6x

andthesectionpropertiesare”

=6.35x

0.051= 0.040in.

0.040= 1.23in.

0.051= 1.71in.

0.051= 0.324in.
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.Jbs
f’-tg

= 8.81X 0.051= 0.450in.

As a checkon theaccuracyof interpolation,thesameprocedureas
followedin theprevioussectionmaybe used;thatis,

. 29.2x 2.02x 0.051= 3.0kips/in.

tw
— = 1.00,theminimum-weightdesignconditionsare

‘or tg

( )%=2465=25”6‘r tw “

s (—=45 or $
ts

= 55.4
)

;f = 28.6bi

and

acr= 18.3ksi

Thus

tw~s
tw=—

ts —

.

*

= 1.00x 0.051= 0.051in.
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H .Ltw
tw

= 25.6x O.OZ = 1.30in.

-G~S–ts

= 45x 0.051= 2.29in.

The sectionpropertiesare

EF=— ts
ts

= 6.94x 0.051= 0.354in.

P .Lts
ts

= 9.58x 0.051= 0.48gin.

As a check,

z.;f—t~%s

= 28.6x 2.05x 0.051= 3.0 kips/in.
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f

Simplecompression.-Previouscomparisons(refs.4 and5) have
madethecharacteristicsof thehat-stiffenedpanelappeardisappointing
relativeto theZ-stfffened.paneldespite“thetiereritstabilityof the
hat-stiffenedpanela$% nst‘twisting.For straightcompression,the%%wdid notseemto be as seriousas thetwistingof theZ-s%$#e5e&.
typicallytwist~~d+appearn:eof failedspecimens(fig.18)wouldsuggest.
AlthoughtheZ-&i-#=$%&&~neZalwaysdoes”twistas failureoccurs,even
whenitsproportionsaredefinitelysuchthatfailureis precipitated
by somemodeof distortionotherthantwisting,thetwistedappearance
of failedspeciMenswas evidentlymisleading.‘Theindicationswere
that,fora muchwiderrange of proportionsthanhadbeenrealized

structurallyefficient),destructivetwisting
eallyoccursonlyafterthemaximumloadhas

beenreached.

The failureof thehat-stiffenedpanelto be structurallysuperior
.

to theZ-stiffenedpanelat lowvaluesof’theparameterPi/tS (see
fig.16) can readilybe accountedforby the factthatat “lowvalues
of Pi/ts - thatis,at relativelylargevaluesof .ts whichmust-be ●

accompaniedby widestiffenerspacings- onlystiffenerslikeZ-sections
havingonerivetlineperstiffenercanreadilybe spacedto support
thesheetat equalintervals.On theotherhand,thereasonwhy there
arenotat leastsomeproportionsforwhichhat=stifxenedpanelsare
moreefficientin compressionthanZ-stiffenedpan ls c

s readilybe.explained, “% ‘W”t ‘oevenif twistingof theZ-&- ?~ne--~m-lis
notserious- specif’ically,proportionsforwhich@tystiffene
~ ~ be-madefromZ-stiffenedpanelsby turningevery“otherZ-* =. --

aroundand joiningtheoutstandingflangestogetherso thatthe
sheetis leftsuppor~e~at eqtilintervals.If thehat section1s
consideredto buckleas a rectangulartubebuckles,it shouldbuckle
at a higherstressthan.theZ- or channelgectionwh~chis.one-half
therectangulartube. For example,thecoefficientk in theplate- ‘
bucklingfomnulafora rectangulartube0.8as wideas it ishighis
giveninreferencel.1as approximately4.63;whereas-thek-valuefor

.-

a Z-sectionwitha flange-to-web-widthratioof’0.4 is givenas only
3.74. In thehigh-stressregionof closestiffenerspatingswhere
bucklingand failurecoincide,therefore,thehatsectionshouldbe
superiorto theZ-sect~on.Bgc&~e thet=e~tsreportedin references4
to 6 dldnot coverhat-stiffenedpanelshavingsuchclosest-iffener
spacingsandbecausethe detailsof constructionusedforthehat-
stiffenedpanelsof thosereferencesmayhavebeenunfavorableto the
hat-stiffenedpanel,thepreciselyequivalenthat-andZ-stiffened “_
panelsshowriin fQure 19wereconstructedandteste~”inorderto

.
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investigatethispossiblesuperiorityof closelyspacedhat sections.
Detailsof constructionof theZ-stiffenedpanelswerethesameas
thoseof thepanelsof reference2 andwereidenticalwiththedetails
of construction(bendradii,widthsof attachmentflanges,andriveting)
of thecorrespondingsixhat-stiffenedpanels. Theproportionswere
chosenin orderto achieverelativelyhighstressesandrelativelyhigh

( Pi
structuralefficiencies.At valuesof — of 0.1.2and0.30ksi,

L/~
respectively,thechartsof reference2 indicatethatthereareno
moreefficient2@-T3 almn,inmn-alloyZ-stiffenedpanelcrosssections

thanthetwo investigated.
)

The twelvecomparativehat-andZ-stiffenedpanelswerecompressed
flat-endedin thessmemanneras in otherNACApaneltests. The results
are givenin table8(a).

The dataof table8(a)showthatthehat-stiffenedpanelswereat
best11 to 13 percentstrongerthantheequivalentZ-stiffenedpanels.
In otherwords,fortheproportionsforwhichthehat-sectionpanel
appearsbestsuited— thatis,forthoseproportionsforwhichthe
sheetis supportedat equalcloseintervalsso thathighstressesare
achieved-the hat-stiffenedpanelis somewhatsuperiorstructurally
to theZ-stiffenedpanelforcarryingsimplecompression.

Combinedcompressionandbendin~.- Questionshavearisenas tc
whether,whenthestiffenedpanelis usedas thecoverof a boxbeam
subjectedto shearandbendingcombinedwithcompression,thetwisting
of theZ-sectiondoesnotbecomemoreseriousthsmin simplecompres-
sion. Hat-stiffenedpanelshavebeenusedin some casesin preference
to Z-stiffenedpanelssimplybecauseof uncertaintyaboutthetwisting
of theZ-sectionundersuchconditionsof combinedloads. Actually,
theeffectof suchbendingsuperposedon compressionis to s~e extent .
coveredby thedataalreadypublishedon whichthedesignchartsof
references12 and 13 arebased. The testpanelsfromwhichthesedata
wereobtainedalwaysbenttowardtheskinas thecompressiveloadwas
increasedbecauseof initialbow inducedby therivetswhichexpanded
the skinas theyweredriven.At the centerof thepanelwherethere
is a msxtiumof twistingthisinitialbow induceda compressivestress
in theoutstandingflangesof theZ-sectionswhichwas higherthanthe
averagestresson thecrosssection.At the centerof a Z-stiffened
panelin the compressionsurfaceof thewing,thestressin theout-
standingflangestendsto be: (1)reducedbelowtheaveragestresson
thecrosssectionbecausethe fknges arenearertheneutralaxisof
thewingthanthecentroidalaxisof thepanelcrosssectionand
(2)increasedabovetheaveragestresson the crosssectionby the
bendingbetweenribscausedby the localair loads. For exsmple,if
thedesignillustrativeof the me of the chartsof reference12was
locatedintheuppersurfaceof a winghavingitsneutralaxis6 inches



fromthecentroidalaxisof.thepanel
thestressin theoutstandingflanges
be: (1)reducedby not-morethan5.1

andthe local
in thecenter
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air loadwas 5 psi,
of thepanelwould

ksiby theproximityof the
flangesto-theneutralaxisof thewingand (2)increasedby approxi-
mately5.7ksiby the local-air-loadbending.Theresultingslight
increasein stressis similarto tzt causedby theinitialbow in
thetestspecimensandappearsunlikelyto causemuchmoresevere
twistingof theZ-sectionsthanoccurredin thecompressivetests. The
bestcomparablehati-=paneldesignforthisexampleis farremovedfrom
theproportionsforwhichthesheetis supportedat equalcloseinter-
vals. Accordingly,herethehat-sectionis inefficient,aa indicatedin

figure15whichshowsthat,at thedesignvaluesof ~= 47 ksi and
& = 0.15ksi,thehat-stiffenedpanelcanat bes.~achievea stress
L/@
10 percentbelowthevalue”of30.5ksi,indicat=dby-figure19 of refer-
ence7 to be achievableby a Z-stiffenedpanel. Hence,twistinghasto
be appreciablymoreseriousthanthat-foundin compressionbeforethe
hat-stiffenedpanelcanbecomemoreefficiefitthantheZ-stiffenedpanel,
at leastfortheconditionsof theexmple and for similarconditions
encounteredin practice.

In orderto studymorethoroughlytheeffectof bendingcombined
withcompression,thebox~eamsshownin figure20 wereconstructedand
tested.The compressioncoversot thesebeamswenmade gy of equivalent
hat-andZ-stiffenedpanelsofthe samecrosssectionsas thoseusedfor
thepreviouscompressivecomparison.Theboxesweretestedin combined
bendingandcompressionin thecombinedloadte-st-ingmachineof the
Langleystructuresresearchlaboratorywiththecompressioncovers
bearingflat-endedagainstthetestingmachineplatensas in previous
compressiontestsandtheratio of bendingmoment”tocompressionmain-
tainedto keepthedistancefromthecentroidof’thepanelcrosssection
to theneutralaxisof thebeambetweenl-and1.5”timesthestiffener
height.The lengthsof theboxeswerethesameas thelengthsof the
longestcompressionspecimensof table8(a). Theresultsof thebox-beam
bendingtestsaregivenin table8(b).

The stressesat thecentroidsof thepane-1crosssectionsat the
maximumloadscarriedin thebox-beambendingtests,as calculatedby
the‘~—-formula andconfirmedby strain-gagemeasurements,werewithin
*9 percentof thecorrespondingvaluesobtainedin thecompressiontests.
Therewas no evidencethattheZ-sectionwasmadelessefficientby the
bendingcombinedwiththecompression;in fact,theZ-stiffenedpanels
wererelativelybetter,comparedwiththehat-stiffenedpsnelsin these
bendingtests,thantheywerein simplecompression. .

-.

.

.

Combinedcompression,bending,andshear.-Theeffectsof vertical
shearcombinedwithbendingandcompressionon a boxbeamwitha stiffened
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8
panelusedas thecover
bendingand compression

17

aremorecomplicatedto investigatethansimple
alonebecausethestressin thepanelvaries

alongitslengthandtheeffectof the gradientof thestressmustbe
consideredalongwiththeeffectof theshear. Fouradditionalboxes,
duplicatesof thosetestedinbending,weretestedinbendingplus
verticalshearto makethestressgradientsuchthatthe stressesat
oneendof thebesmwere25 percenthigherthanthoseat theotherend
of thebeam. The resultsare givenin table8(c). Themaximumstresses
at thepanelcentroidsat maximumloadwere in everycasein excessof
thoseforthepurebendingcase. TheZ-stiffenedpanelsas compared
withthehat-stiffenedpanelswereevenbetterunderthe combinedloads
thanin shnplebending.

Wading conditionsandstiffenerconfigurationsnot yetconsidered.-
The effectsof localair loadandtorsionon thebox of whichthe stiff-
enedpanelis the coverare stillto be evaluatedexperimentally.No
clesrreasonis evidentat presentwhy the localair loadshouldbe more
harmfulto eitherthehat-or theZ-stiffenedpanels. For torsion,the
hat sectionwouldappearto haveadvantagesovertheZ-sectionbecause
of theabilityof thehat sectionto relievesomeof theshearstress
in theskinunderneathit. Whethertheseadvantageswouldbe signifi-. cantwoulddependupontheabilityof thesheetbetweenthehat section
to carrytheshear,thus,thehat-stiffenedpanelwouldaPPearbest
suitedforapplicationsinvolvingclosestiffenerspacings..

Whenthespacesbetweenhat sectionsareappreciablygreaterthan
thoseunderthehat sections- as theyaremorelikelyto be thethicker
skinnedtheconstruction- thehat sectionis at a disadvantagerelative
to theZ-sectionbecausetheZ-sectionscanbe spacedon theskinat
equalintervals.Thisinherentadvantageof theZ-stiffenedpanelhas
beennotedinpreviousstructural-efficiencycomparisons(refs.4 and 5),
andthepresentbox-beamtestshaveproducedno evidenceto showthat
theadvantagewilldisappearwhentheZ-stiffenedpanelis usedas the
coverof sucha beamsubjectedto bendingor to bendingplusvertical
shearratherthanto sbple compression.

CONCLUDINGREMARKS

Structuralevaluationsof hat-sectionstiffeners,togetherwith
the dtiect-readingchartspresentedherewithfordesigninghat-stiffened
panels,haveindicatedthatthehat-sectionstiffeneris structurally
betterthantheZ-sectionstiffenerforonlya limitedrangeof appli-
cationsat best. For carryingsimplecompression,andwhenusedas the.
coversof boxbeauswhicharesubjectedto compressionplusbendingor
to compressionplusbendingplusverticalshear~theZ-stiffenedpanel

.
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comparedveryfavorablywiththehat-stiffenedpanel}evenin therange
of closestiffenerspacingsforwhichthehatsectionisbestsuited.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,V&.,May 20, 19S2.

.

.

.



NACATN 2792 19

v REFERENCES

.
1. Langhaar,HenryL.: Designof Hat-Type

Auto.andAviationInd., vol.91,no.
and 103-104.

2.

3.

4.

.5.
●

.
6.

7.

8.

9.

10.

Plate-StringerCombinations.
11,Dec.1, 1944,pp.28-32

Schuette,EvanH.: ChartsfortheMinimm-WeightDesignof
24S-TAluminum-AlloyFlatCompressionPanelsWithLongitudinal
Z-SectionStiffeners.NACARep.827,1945. (SupersedesNACA
ARR L5F15.)

Dow,NorrisF., andHichan, WilliamA.: Direct-ReadingDesignCharts
for75S-TAluminum-AlloyFlatCompressionPanelsHavingLongitudi-
nalStraight-WebY-SectionStiffeners.NACATN 1640,1948.

Schuette,EvanH., Barab,Saul,andMcCrackenjHowardL.: Compres-
siveStrengthof 24-S-TAluminum-AlloyFlatPanelsWithLongitudinal
FormedHat-SectionStiffeners.NACATN 1157,lg46.

Hickman,WilliamA., andDow,NorrisF.: CompressiveStrengthof
24S-TAluminwn-AlloyFlatPanelsWithLongitudinalFormedHat-
SectionStiffenersHavinga Ratioof StiffenerThiclmessto Skin
ThiclmessEqualto 1.00. NACATN 1439,1947.

Hictin, WillismA., andDow,NorrisF.: CompressiveStrengthof
24S-TAluminmn-AlloyFlatPanelsWithLongitudinalFormedHat-
SectionStiffenersHavingFourRatiosof StiffenerThicknessto
SkinThickness.NACATN 1553,1948.

Dow,NorrisF., andHickman,WilliamA.: DesignChartsforFlat
CompressionPanelsHavingLongitudinalExtrudedY-SectionStiffeners
andComparisonWithPanelsHavingFormedZ-SectionStiffeners.
NACATN 1389,1947.

Dow,NorrisF., andHickman,WilliamA.: EffectofVariationin
RivetDiameterandPitchon theAverageStressat MaximumLoad
for24S-T3and 75S-T6Aluminum-Alloy,Flat,Z-StiffenedPanels
ThatFailby LocalInstability.NACATN 2139,1950.

Rossman,CarlA., andSchuette,EvanH.: Dataon CompressiveStrength
of FlatPanelsWithZ-SectionStiffeners.NACARB, Sept.1942.

Dow,NorrisF., andHiclman,WilliamA.: PreltiinaryInvestigation
of theRelationof theCompressiveStrengthof Sheet-Stiffener
Panelsto theDiameterof RivetUsedforAttachingStiffenersto
Sheet. NACARB L4113,1944.



20 NACATN 2792

11.Stowell,ElbridgeZ.,Eeimerl,GeorgeJ.,Libove,Charles,~d
Lundquist,EugeneE.: BucklingStressesforFlatPlatesand
Sections.Proc.A.S.C.E., vol.77,separateno. 77,July1951,
pp. 1-31.

12.Dow,NorrisF.,andKeevil,AlbertS., Jr.: Direct=ReadingDesign
Chartsfor24S-TAluminum-AlloyFlat-CompressionPanelsHaving
LongitudinalFormedZ-SectionStiffeners.NACATN 1778,1949.

13.Hickman,WilliamA., andDow,Norris3?.:Direct-ReadingDesign
Chartsfor75s-T6Aluminum-AlloyFlat-CompressionPanelsHaving
LongitudinalExtrudedZ-SectionStiffeners.NACATN 2435,1952.

f

.

.

.



NACATN 2792 21

TABLEl.-TYPICALMTMW PROPE~IEsOF 24s-T3ALmm-moy

PANELSHAVINGFORMEDHAT-SECTIONSTIFFENERSON

WHICHDESIGNCHARTSARE BASED

I

~

Materialproperties

Aluminm alloy “ acy>
hi

Sheet 24S-T3bare 43.8

Stiffeners- 24S-T3baresheet 44.3
beforeforming

.
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1.7s71.2391.8181.8s31.S481.e831.s761.6891.W2
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1.7291.7461.76)1.7761.7891.s291:8171:83)1:s49
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1.4621.47!21.4841.4961,X# 1.5’XI1.5911.5421.663
1.4441.4671.4851.4631.4931Y)31
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5.6615.m 6,227e.wle..wa?.ml7,0247,3918.351
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5.4&316.7826.1176.4676.KM37.1467.4937.8518.307

5.2445.6716.W26.3336.~777J 7.2%7.7i68%
6.29S5.61S6.0476.W 6.0186.95$7.9347.661SSK12
6.34S5.5655.s236.2246.iW6.8317.241?.bs7?.9s

6.1455.4645.7876.11:6.44;6.7W
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4.7696.0635.3625.6ea6.9826.2SS6.62S8.2497.a7e

.
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2.3172.8472.688S.1683.s333.8884.0404.4164.78a6.2285.6475.’JSI6.3196.7107.1o57.5327.ml8.333am Q.llsQ.m %929

~

.

.



26 NACATN 2792

TABLE4.- ‘W O.wi;bH.0.8;~- 18.26;~bHHAT-PANELPROPERTIES— =
.% m “*“% $= ~e% 1+17.7&~= s.13;~ =2.44;L =1L72

k 43%J

.

.

,

●



NACATN 2792 27



28 NACATN 2792

.

-.

—

19 21 a 24 25 27 29 91 22 35 37 80 41 49 46 47 49 61 52. 56 57 69
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TABm8.- VALUESOFAVERAGESTRESSATMAXIMUMLOADFORCOMPARATIVE

HAT-AND Z-STIFFENIDSPEK!IMEIU+

Averagestress,zf, ksi

bs =25 bs
—=35

$ ts ts

Hat-stiffened Z-stiffened Hat-stiffened Z-stiffened
pane1 pane1 pane1 pane 1

(ajAs panelssubjectedto simplecompression

20 39.1 39.5 30.1 28.6
40 39.3 38.5 29.7 27.8
70 37.8 33.4 29.6

1
26.7

(b)As thecompressioncoversofbox besmssubjectedto
bendingpluscompression :.

To 38.6 36.3 28.0 28.8

(c) As the compression covers of box beams subjected to

bending plus vertical shear plus compression

70 40.3 42.2 28.6 30.4

lA1lcomparativespecimenswereconstructedfromthesamesheets
of bare24S-T3aluminumalloy. The compressiveyieldstressforthese
sheetswas foundto varyfrcmi44.oksit-o46.oksi.
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